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HIGH FREQUENCY TltA NSMISSION CIRCUIT 

This invention relates to a transmission circuit for the 
transmission o£ electromagnetic waves of extremely short 
wavelength « such as microwaves, millimetre waves end 
submillimetre waves, and particularly relates to a planar 
transmission circuit. 

Coaxial cables, waveguides, microstrip lines, dielectric 
lines and other such devices are currently- used to 
transmit these types of electromagnetic waves. In all of 
these devices, a core of round or rectangular cross- 
section is formed by a dielectric of low dielectric loss 
and relatively high permittivity for transmitting the 
travelling wave energy of the electromagnetic wave, and 
the core is surrounded by a dielectric of lower 
permittivity. Other forms of high frequency 

transmission device have not been considered, and there 
is thus a problem of how to form circuit networks and to 
increase circuit density. 

According to the invention, there is provided a high 
frequency transmission circuit comprising a continuously 
porous, planar dielectric sheet having a dielectric 
material of greater permittivity than the dielectric 
sheet impregnated into portions of said dielectric sheet 



in the thickness direct ion thereof to form an 
electromagnetic wave propagating circuit in said planar 
dielectric sheet. 

In other words, a high frequency transmission circuit is 
provided comprising a continuously porous, planar 
dielectric sheet having an electromagnetic wave 
propagating circuit therein formed by a dielectric 
material of higher permittivity impregnated into the 
dielectric sheet in the thickness direction thereof. 

The dielectric material forming the electromagnetic wave 
propagating circuit may be a tetraf luoroethylene- 
heacaf luoropropylene copolymer, a tetraf luoroethy lene- 
perfluoroalkylvinyl ether copolymer, a tetraf luoroethylene- 
ethylene copolymer or a tetraf luoroethylene dispersion. 

The planar dielectric sheet is preferably porous, 
expanded polytetraf luoroethylene. 

It is desirable for the continuous pores of the porous, 
planar dielectric sheet to be aligned mainly in the 
thickness direction of the sheet, although even for a 
planar dielectric sheet whose porosity is unaligned, a 
similar impregnation result can be accomplished by using 
a masked impregnation method. 



The invention provides a high frequency transmission 
circuit having good transmission characteristics and 
capable of being used to expand the circuit in the planar 
direction. Any desired high frequency circuit can be 
formed with a thin continuously porous, planar dielectric 
sheet by lamination or other methods. The creation of 
high density, high frequency transmission circuits can 
also be accomplished. 

Preferred embodiments of the invention will now be 
described, by way of example, with reference to the 
accompanying drawings, in which 

Figure 1 is a schematic cross-sectional, perspective view 
of one embodiment of a high frequency transmission 
circuit in accordance with the invention; and 

Figure 2 shows a partial sectional view illustrating one 
method of making a high frequency transmission circuit in 
accordance with the invention. 

Figure 1 shows a high frequency transmission circuit 1 
created by forming electromagnetic wave transmission 
portions 3 and 4 in portions of a porous, planar 
dielectric sheet 2, the latter being composed of 
continuously porous, expanded polytetraf luoroethylene 



£ilm, and optionally laminating a protective £ilin 5 to 
the upper and lower surfaces of the sheet 2. The 
protective films 5 may each be a prepreg sheet of porous, 
expanded polytetraf luoroethylene. 

When expanded polytetrafluoroethylene film of permit- 
tivity 1.4 is used as the planar dielectric sheet 2« a 
povder of tetraf luoroethylene-hexaf luoropropylene 

copolymer resin, tetraf luoroethylene-perfluoroalkylvinyl 
ether copolymer resin, tetraf luoroethylene-ethylene 
copolymer resin, or the like, with a permittivity of 
about 2, and a binder, or alternatively, a tetraf luoro- 
ethylene resin dispersion and a binder, may be 
impregnated and fixed in portions of the sheet 2 to form 
the electromagnetic wave transmission portions 3 and 4. 
The binder may be a Teflon {S.T.M.) adhesive. 

These electromagnetic wave transmission portions 3 and 4 
may be formed, for example, as shown in Figure 2, by 
applying an inverse pattern circuit mask 6 to the planar 
dielectric sheet 2, then applying the resin powder and 
binder composition to this circuit pattern portion and 
allowing natural impregnation to occur due to gravity, or 
applying a similar mask 6 to the bottom surface of the 
planar dielectric sheet 2 and facilitating impregnation 
by means of a vacuum pump 8. 
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When the conqposition 7 is dried after being is^reonated 
in this way, electromagnetic wave transmission portions 3 
and 4 are formed having a permittivity higher than the 
planar dielectric sheet 2. 

In order to form electromagnetic wave transmission 
portions 3 and 4 with very sharp boundaries, it is 
desirable that the continuous porosity of the planar 
dielectric sheet 2 should be of the smallest scale 
possible, and that the continuous pores should be aligned 
as much as possible in the direction of the thickness of 
planar dielectric sheet 2, i.e. perpendicularly to the 
plane of the sheet, or that the porosity should be high 
in the thickness direction. 

Because the present invention allows a high frequency 
transmission circuit to be formed as a thin sheet, and 
the rectangular shape . of the electromagnetic wave 
transmission portions maintains the plane of 
polarisation, connections can be made without introducing 
significant error in the direction of the electromatic 
waves, and multiple layer devices can easily be produced. 

Furthermore, because the invention relies upon impreg- 
nation into a continuously porous, planar dielectric 
sheet to form electromagnetic wave transmission circuit 



CLAIMS 



1. A high frequency transmission circuit comprising a 
continuously porous, planar dielectric sheet having a 
dielectric material of greater permittivity than the 
dielectric sheet impregnated into portions of said 
dielectric sheet in the thickness direction thereof to 
form an electromagnetic wave propagating circuit in said 
planar dielectric sheet. 

2. A transmission circuit according to claim 1, wherein 
the dielectric material of the electromagnetic wave 
propagating circuit is a tetraf luoroethylene- 
hezaf luoropropylene copolymer. 

3. A transmission circuit according to claim 1, wherein 
the dielectric material of the electromagnetic wave 
propagating circuit is a tetraf luoroethylene- 
perf luoroalkylvinyl ether copolymer. 

4. A transmission circuit according to claim 1, wherein 
the dielectric material of the electromagnetic wave 
propagating circuit is a tetraf luoroethylene-ethylene 
copolymer. 



5. A transmission circuit according to claim 1, wherein 
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the dielectric material of the electromagnetic wave 
propagating circuit is a tetraf luoroethylene dispersion. 

6. A transmission circuit according to any one of the 
preceding claims, wherein said planar dielectric sheet is 
porous « expanded polytetraf luoroethylene. 

7. A transmission circuit according to any one of the 
preceding claims, wherein the continuous pores of the 
planar dielectric sheet are aligned mainly in the 
thickness direction of the sheet. 

8. A transmission circuit according to any one of the 
preceding claims, having a protective film laminated to 
at least one face of the planar dielectric sheet. 

9. A transmission circuit according to claim 1, 
substantially as described with reference to the 
accompanying drawings. 
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